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摘    要 

















    第四章首先介绍了低密度卷积码 LDC，详细阐述了 LDC 码的迭代译码
方法，给出了构造 LDC 码校验矩阵的方法和限制条件。 后通过仿真说明































With Turbo codes found in early 90s, the modern error-correcting coding 
theory has come into a new stage. Concatenation, interleaving and low density 
become popular choices in the designing of near Shannon limit error-correcting 
codes. Convolutional codes are a set of efficient error-correcting codes, and they 
can serve as a good choice for member codes in these new combination codes. 
    Basic concepts of convolutional codes are introduced first, then their 
definitions and constructions are given. The matrix and polynomial description 
of convolutional codes are introduced in details. Some designing principles are 
provided through an analysis of the generator matrix and the code properties. 
Three methods of describing convolutional codes in graphics are presented, 
followed by the using of them in the decoding. In modern error-correcting 
coding schemes, convolutional codes can be used as member codes or work 
independently. The third and forth chapter expatiate them respectively. 
    In the third chapter, the theory of Turbo codes and popular decoding 
algorithms are introduced first. The free distance of convolutional codes and the 
affection of them on the performance of Turbo codes are presented. What a 
recursive systematic convolutional encoder using a primitive polynomial as 
recursive polynomial does on the performance of Turbo codes is analyzed, and 
so the terminating of the encoder. Active distances of convolutional codes and 
the affection on the performance of Turbo codes are introduced. The slope of 
convolutional codes and a new mothod of evaluating Turbo codes’ performance 
by it are purposed. Simulation results prove the efficiency and simplicity about 
the new method relatively to the traditional ones. 
    The forth chapter introduces a low-density convolutional (LDC) code, 
followed by the iterative decoding algorithm. The method and principle of 
constructing the check matrices of LDC codes are given too. The simulation 
results show the relation between parameters of LDC codes and the 
error-correcting performance. The future applications are pointed out in the end. 
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第一章  绪论 
















图 1.1 数字通信系统模型 
 



















    在数字通信系统中，利用纠（检）错码进行差错控制的方式有以下几
类： 
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1.2  信道编码理论与技术的发展 












其中 L 为编译码长度，E（R）>0 为可靠性函数，取决于不同的编译码
方式。 
在实际应用中， 大似然译码算法（MLDA：maximum likelihood 







































法，如 1974 年提出的 BCJR 前向后向递推 MAP 算法[4]；另一类是使码字错
误概率 小的逐组软判决算法，如 Viterbi 算法[5]。值得一提的是 BCJR 算
法，它适用于所有的线性分组码和卷积码，但是由于算法复杂，因此刚提




































COFDM 技术。目前多载波 CDMA 已成为宽带无线通信网的支柱技术之一。 
1.3  卷积码的应用 
    卷积码是 Elias 于 1955 年提出的，它与分组码 大的不同在于，卷积




长度 0k 也通常要比分组码的 n 和 k 要小。 
    正是由于在卷积码的编码过程中充分利用了各码组之间的相关性，而































    随着低密度的长帧码型 LDPC 码在 90 年代重新得到发现，低密度卷积
码 LDC 也出现了[9]。理论和仿真都证明，LDC 码也具有优秀的纠错性能，
应用上特别适合对时延要求不敏感的场合如深空通信等。 
1.4  本文的研究工作和安排 
    本文分析了卷积码的基本特性，并分别对卷积码在 Turbo 码和 LDC 码
中的应用进行了讨论，从理论分析和实验仿真的角度说明了它们的应用和
特点，具体安排如下： 
    ·第二章具体介绍了卷积码的基本概念，说明了卷积码的基本描述方
法，并在此基础上说明了其基本特性、设计原则、编译码方法等，特别是
对卷积码的生成矩阵和设计方法做了详细的讨论。 
    ·第三章介绍了 Turbo 码的原理和编译码方案，简要推导了 Turbo 码的
常用译码算法，介绍了卷积码的距离特性指标，并着重讨论了作为分量码
的递归卷积码编码器的各项参数对 Turbo 码性能的影响，提出了用卷积码
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